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Since accuracy of the above method is insufficient, it was proposed in our previous papers 4, 5 to utilize the data of radial (rather than angular) measurements of the Moon to reveal the anomalous increase in its distance from the Earth produced by the Λ-term, which looks formally as 'local' Hubble expansion. Why is it necessary to reexamine the problem of local Hubble expansion just in the context of 'dark-energy'-dominated cosmological models?
Hubble dynamics at small scales is studied for a long time, starting from the pioneering work by McVittie. 6 Although the results by various authors were quite contradictory (e.g. review by Bonnor 7 and references therein), the most popular point of view was that the Hubble expansion manifests itself only at the sufficiently large distances (from a few Mpc) and is absent at the less scales. 8 There were a few arguments in favor of such conclusion, such as the so-called Einstein-Straus theorem, 9 a quasi-Newtonian treatment of Hubble effect in a small volume as a tidal-like action by distant matter (e.g. the recent work by Domínguez & Gaite   10 and references therein), and the Einstein-Infeld-Hoffmann (EIH) surface integral method, which was applied to the problem of local Hubble expansion by Anderson.
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Unfortunately, as is shown in Ref. 12 , all these approaches become inapplicable when the Universe evolution is governed by Λ-term, uniformly distributed in space.
A frequent experimental argument against the Hubble expansion within Solar system is based on the available constraint on time variation in the gravitational constant derived from the lunar dynamics, which is now as strong aṡ G/G = (4±9)×10 −13 yr −1 (Ref. 13) . Unfortunately, the equivalence between the effect of variable G and the cosmological expansion, stated by some authors, is based solely on the Newtonian arguments. A more accurate treatment of this problem in the GR framework 14 shows that manifestation of Λ-term in some components of the metric tensor really looks like the influence of variable G if we assume that G = G 0 +Ġ t, whereĠ = −c Λ/3 ; but such interpretation is not self-consistent: the Λ-dependence of a few other components is not expressible in terms of the variable coefficient of gravitational coupling. Therefore, the available limits onĠ/G , in general, cannot be reinterpreted as a constraint on local cosmological dynamics.
Since all the commonly-used arguments against the local Hubble expansion fail in the case of dark energy, it becomes reasonable to seek for the corresponding effect; and the most sensitive tool seems to be the lunar laser ranging (LLR).
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For example, if we assume that planetary systems experience Hubble expansion with the same rate as everywhere in the Universe (60÷70 km s −1 Mpc −1 ), then average radius of the lunar orbit R should increase by ∼ 50 cm for the period of 20 years. On the other hand, the accuracy of LLR during the last 20 years was not worse than 2÷3 cm; so the perspective of revealing the local Hubble effect looks very good.
The main problem is to exclude the effect of geophysical tides, which also contributes to the secular increase in the Earth-Moon distance asṘ = kṪ E , where T E is the Earth's diurnal period, and k = 1.81×10 5 cm s −1 (e.g. Ref. 5). So, ifṪ E is known from independent astrometric measurements of the Earth's rotation deceleration with respect to distant objects, then the above relation can be used to exclude the geophysical tides and, thereby, to reveal a probable Hubble expansion.
The telescopic data, accumulated from the middle of the 17th century, were processed by a few researches; and one of the most detailed compilations was presented recently in Ref. 17 . Of course, the value of secular trend derived from the quite short time series can suffer from considerable periodic and quasi-periodic variations in T E . So, the main aim of our statistical analysis, described in more detail in Ref. 12 , was to estimate as carefully as possible the 'mimic' effect of such influences. The result can be written asṪ E = (8.77±1.04)×10 −6 s yr −1 . (This value is appreciably less than in our previous work, 5 where it was taken from the older literature.) The entire analysis of LLR vs. the astrometric data is summarized in Table 1 . The excessive rate of increase in the lunar orbit, 2.2±0.3 cm yr −1 , can be attributed just to the local Hubble expansion with rate H (loc) 0 = 56±8 km s −1 Mpc −1 . Next, it is reasonable to assume that the local Hubble expansion is formed only by the uniformly-distributed dark energy, while the irregularly-distributed (aggregated) forms of matter begin to affect the Hubble flow at the larger distances, thereby increasing its rate up to the standard intergalactic value. If the Universe is spatially flat and filled with the Λ-term and a dust-like ('cold') matter, with densities ρ Λ0 and ρ D0 respectively, then
So, if H 0 is formed locally only by ρ Λ0 , while globally by both these terms, ρ Λ0 and ρ D0 (or, in terms of the relative densities, Ω Λ0 = ρ Λ0 /ρ cr and Ω D0 = ρ D0 /ρ cr ), then
At Ω Λ0 = 0.75 and Ω D0 = 0. 19 whose interpretation requires a slightly reduced value of H 0 . Therefore, the presence of local Hubble expansion, caused by the Λ-term, gives us a reasonable explanation of the anomalous increase in the lunar orbit, consistent with the 'large-scale' astronomical data. Thereby, this is one more argument in favor of the dark energy. Besides, if the local Hubble expansion really exists, it should result in profound consequences not only for cosmological evolution but also for the dynamics of planetary systems and other 'small-scale' astronomical phenomena.
